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Block induction is a correspondence between certain p-blocks of subgroups and
blocks of the whole group. It is a tool with the help of which one often can reduce
the solution of problems in the whole group to smaller groups. The literature lists
Žseveral ways to define induced blocks in the sense of Brauer, Alperin and Burry,
.Green, and Wheeler . It is well-known that any two of these concepts of block
induction coincide in their common domain of definition; for example, each of
Ž . Ž .them is defined if the subgroup H of the group G satisfies DC D HN D ,G G
for a p-subgroup D of G. We study some other features of blocks which are
compatible with the above induction concepts in this sense, and formulate them as
induction concepts so that one could deal with these and the above concepts in a
unified way. We compare their fields of definition to the others in general and in
the special cases of defect zero blocks and of p-groups. We give some sufficient
conditions so that induction would not be defined in any sense. We show that,
unlike in the case of Brauer sense induction, block induction in the sense of
Alperin-Burry is not always defined from the normalizer of a chain of p-subgroups.
Our example also shows that ‘‘admissible induction’’ and ‘‘being of multiplicity
one’’ are not transitive. In the last part of the paper, we study the connection of the
defect groups of the induced and the original block, in the case where the latter
group is abelian.  2001 Academic Press
Key Words: p-block; Brauer sense induction; Alperin sense induction; p-regular
induction; extended induction; admissibility; defect group; character; multiplicity.
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1. NOTATIONS
 We follow the notations of standard textbooks such as 15 , where the
basic definitions of modular representation theory also can be found.
Throughout this paper, G will be a finite group, and p a prime number. R
denotes a complete local discrete valuation ring with quotient field F of
Ž .characteristic zero and residue class field F RJ R of characteristic p.
We assume that F and F are splitting fields for every subgroup of G. The
Ž .set of all irreducible F-characters of G is denoted by Irr G . If B is a
Ž .p-block of G then Irr B stands for the set of all irreducible F-characters
Ž .  Ž .of G that belong to B. Let  : Z G  R and  : Z FG  F be theB B
central characters of B over R and F, respectively. Similarly, let  and
 Ž . denote the central characters of  Irr G over R and F, respec-
  Ž .tively. We recall that    for every  Irr B . Let s : RG RHB  H
and s : FG FH be the projection maps to the H-component, for aH
subgroup HG. The central primitive idempotent of FG belonging to
 Ž . Ž .the block B will be denoted by e . We denote by Bl G and Bl G D theB
sets of p-blocks of G and p-blocks of G with defect group D, respectively.
Ž . BFor a character  of G and B Bl G ,  denotes the sum of irre-
ducible constituents of  that belong to B. We write FG for thep
Ž .F-span of p-regular elements in G. For B Bl G and HG, BHH
denotes the H	H-bimodule got by restricting B to HH. We say that
Ž .b Bl H is of multiplicity m if a direct sum decomposition of RGHH
contains exactly m summands that are isomorphic to b as H	H-
Ž .bimodules; we denote this by mult b, RG m.HH
2. INDUCTION CONCEPTS
We start with the definition of the induction concepts listed in the
Ž . Ž .abstract. Let HG, b Bl H , and B Bl G .
Ž .   1 If   s   then we say that block induction in the sense ofb H B
G  Brauer is defined for b; we denote this by b  B, see e.g. 15 .
Ž .   2 If   s     then we say that p-regularb H ZŽF G . B ZŽF G .p p r e g ŽG .  induction is defined for b; we denote this by b  B, see e.g. 3 .
Ž .3 If b is a direct summand of B and B is the only block of GHH
with this property then we say that block induction in the sense of
ŽG .  Alperin-Burry is defined for b; we denote this by b  B, see e.g. 1 .
Ž .   Ž  .4 If   s e  0 and B is the unique block of G with thisb H B
property then we say that extended block induction is defined for b; we
e x tŽG .  denote this by b  B, see e.g. 17 .
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Ž . Ž .5 b is said to be admissible if its defect group D satisfies C D G
Ž .H. In this case induction is defined for b in any of the above senses. If b
is admissible and bG  B then we say that block induction in the sense of
G r ŽG .  Green is defined for b; we denote this by b  B, see e.g. 12 .
Ž . Ž . G Ž .6 If  Irr b induces   Irr B then we say that block induc-
tion in character sense is defined for b; we denote this by bChar ŽG . B.
Ž .7 If b is of multiplicity one as a direct summand of RG andHH
b  B then we say that block induction in multiplicity one sense isHH
defined for b; we denote this by b M ultŽG . B.
In each of the above cases, we call B the induced block.
2.1. Separating Examples
It is well-known that the implications in Figure 1 are true.
In the following we show examples belonging to possible nonempty
Ž . Ž .subsets of 1  7 .
Ž . Ž .EXAMPLE 2.1. i Exactly 6 is not satisfied for Frobenius groups G
with abelian kernel and complement a p-group H; then the principal
block of H is admissible, but none of the irreducible characters of H
Ž .induces irreducibly. The smallest case is G S , p 2, H of order 2.3
Ž . Ž .ii Exactly 5 is not satisfied for dihedral groups G of order 2n,
with n odd, p 2 and H the normal 2-complement in G. Then each
nonprincipal block of H is not admissible, but its unique irreducible
Žcharacter induces irreducibly. The smallest case is G S , p 2, H of3
.order 3.
Ž . Ž . Ž . Ž . Ž . Ž .iii For examples where exactly 7 , 1 , 2 , 3 , 4 are true, see
Proposition 2.1 below.
Ž . Ž . Ž . Ž . Ž .iv Exactly 1 , 2 , 3 , 4 are true e.g. for the principal block of
Ž .H Z G of any nonabelian p-group G.
Ž . Ž . Ž . Ž .v An example where exactly 1 , 2 , 4 are true can be found in
     9, Ex. 2 . As is mentioned in 7 , the example after 2, Cor. 4 of Thm. D
also has this property. Example 2.2 shows an infinite series of such
examples.

Ž . Ž . Ž .5 1 2


Ž .4Ž .7


Ž . Ž .6 3
FIGURE 1
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Ž . Ž . Ž .  vi An example where exactly 3 and 4 are true is 9, Ex. 1 ,
Example 2.3 shows infinitely many such examples.
Ž . Ž . Ž .vii The smallest example where exactly 2 and 4 are true is given
by G S , H 1, p 2. From Proposition 2.2, it follows that for the3
principal block b of H, br e g ŽG . is defined but bG and bŽG . are not.
Ž . Ž .  viii An example where exactly 4 is true is 17, Ex. 2.10 , about
 which this property is first mentioned in 4 .
Ž . Ž . Ž .ix Each of 1  7 are true, e.g., for dihedral and generalized
quaternion groups G of 2-power order, where H is a cyclic subgroup of
index 2 in G.
  GIt is proved in 15 that if for a block b of H, b  B holds then
b  B . However, if bG exists and b  B holds then this does notHH HH
G Ž .imply that b  B, as it happens in any example for v . In the following,
we describe infinitely many such examples.
Ž .EXAMPLE 2.2. Let G be a p-solvable group with O G  1; then Gp
has at least two p-blocks. If G has a normal p-subgroup H from which
block induction is defined in the sense of Brauer then each block of G
covers the unique block of H, so induction in the sense of Alperin-Burry is
not defined. Such examples are dihedral groups G of order 2n, with
n 2 aq, q 1 odd, a 1, p 2, where H is the unique normal sub-
a Ž .group of order 2 in G. Cf. also Example 3.1.
Now we give examples where Alperin-Burry induction is defined but
p-regular induction is not.
EXAMPLE 2.3. Let G be a Frobenius group with kernel N of p-power
Ž .order and complement H of p-order. Then O G  1, hence G isp
 p-solvable and has only one p-block. By 8, Prop. 4.2 , induction in the
sense of Alperin-Burry is defined for the principal block of H. However,
by Proposition 2.2 below p-regular induction is not defined.
Admissibility of b as well as the existence of a character in b that
induces irreducibly imply that the block is of multiplicity one in the
restriction RG . However, the converse is not true.HH
PROPOSITION 2.1. Let p 2, l be odd, S be the dihedral group of order
2 l, G S S, and HG be cyclic of order 2 l. Then any nonprincipal
block B of H is of multiplicity one in RG , but B is not admissible, and noHH
irreducible character of B induces irreducibly to G.
Proof. Let B be a nonprincipal block of H; its defect group D is cyclic
Ž . Ž .of order 2. Let MN D , NN D , and let  denote the uniqueG H
H  block of N with defect group D such that   B holds. By 7, Prop. 5.4 ,
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Ž . Ž . Ž . Ž . Ž .mult B, RG mult  , RM . Since N D  C D and N DHH NN H H G
Ž .   C D in our case, we can apply 7, Thm. 4.2 as follows. Let NNDG
and MMD, and let  be the defect zero block of N corresponding to
Ž . Ž .. Then mult  , RM mult  , RM . With  , also  is nonprin-NN NN
cipal. M is dihedral of order 2 l, and N is cyclic of order l, so the
irreducible character in  induces irreducibly to M, and the implication
Ž . Ž . Ž .from 6 to 7 yields mult  , RM  1. Thus B is of multiplicity oneNN
in RG . The other two assertions are clear.HH
2.2. Induction from the Principal Block
  ŽAccording to 3 , whenever induction in the sense of Brauer or p-regu-
.lar induction is defined for the principal block then the induced block is
principal. This is also true for the Alperin-Burry induction, but not for
 extended induction, see 17 . We have the following characterizations for
Brauer sense and p-regular induction in the case of the principal block.
PROPOSITION 2.2. Let HG. Then for the principal block of H, induc-
Žtion is defined in the sense of Brauer p-regular induction is defined, respec-
. Ž .tiely , if and only if for each element for each p-element g of G, the
G  G   G G-conjugacy class g satisfies g  g 
H mod p.
 G   Proof. For gG, we have   g , and 15, La. 5.3.1 yields1G
Ž .  G   s g  g 
H . So induction in the sense of Brauer for the1 HH
principal block of H is defined if and only if these two class functions are
congruent modulo p; for p-regular induction, only p-elements need be
considered.
Remark 2.1. Thus necessary conditions for that Brauer sense induction
Ž .from the principal block of H should be defined are that Z G is
contained in H, and that those conjugacy classes of G intersect nontriv-
ially with H that contain central elements of a Sylow p-subgroup of G.
2.3. Induction of Defect Zero Blocks
Let H be a proper subgroup of G, and b be a block of H with defect
Ž . Ž .zero. Clearly b is not admissible, so the cases i and ix in Example 2.1
Ž . Ž . Ž . Ž . Ž .cannot occur. The cases ii , v , vi , vii , and viii in Example 2.1 are in
Ž . Ž . Ž .fact for defect zero blocks. By Lemma 2.1, iii cannot occur as 6 and 7
Ž .are equivalent for defect zero blocks, and Example 2.4 shows that iv can
Žoccur for defect zero blocks. The special case that b is the principal block
.of a p-group is dealt with in Proposition 2.3.
LEMMA 2.1. Let H be a subgroup of G, and b be a block of H of defect
Ž .zero. Then b has multiplicity one in RG if and only if  Irr b inducesHH
irreducibly to G.
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Proof. We know in general, without assuming that b is of defect zero,
Char ŽG . M ultŽG .  that the existence of b implies the existence of b , see e.g. 16 .
If b is of multiplicity one then we know that bG and bŽG . are both defined.
    GBy 8, Prop. 4.2 and 2, Thm. C , we have   n . By Frobenius
Ž .reciprocity, n  ,  follows. But as the multiplicity of b is one,H
  2according to 7, Thm. 7.1 we have n  1, and hence  induces irre-
ducibly.
EXAMPLE 2.4. Let q p be an odd prime, E an extraspecial q-group
of order q12 n, for a positive integer n, and G an automorphic extension
of E by a cyclic group C of order s, acting fixed point freely on the centre
q	 1Z of E. The nonlinear irreducible characters of G are exactly s
characters of degree sq n, each vanishing outside Z. The group H ZC is
q	 1a Frobenius group of order qs, with exactly nonlinear irreducibles
characters, each of p-defect zero, of degree s and vanishing outside Z.
Inducing any nonlinear irreducible character of ZC to G yields a charac-
ter of degree sq2 n that is the q n-fold of an irreducible character of G.
   Applying 8, Prop. 4.2 and 2, Thm. C , we get that for any nonprincipal
G ŽG . Ž .block b of H, both b and b are defined. By Lemma 2.1, 7 is not
satisfied.
PROPOSITION 2.3. The principal block of a proper p-subgroup H of G
cannot be induced to G in the sense of Brauer. If G is itself a p-group then
extended block induction is not defined for the principal block of H.
 Proof. First assume that p divides G , and take a p-element g that is
central in a Sylow p-subgroup of G; then the right-hand side of the
congruence in Proposition 2.2 is zero, and the left-hand side is not divisible
by p.
Now consider the case that G is a p-group, and suppose that the
principal block of H can be induced to G in the sense of Brauer. By 2,
 GThm. C , this is equivalent to 1  1  p for a character  of G. SinceH G
Ž . has only rational values and Ý  g  0 holds, there is gG withgG
Ž . G Ž .  g 	1, hence 0 1 g  1	 p forces p 1, contradiction. By 4,H
 e x tŽG . GProp. 6 , the existence of b would imply the existence of b , so we
are done.
Remark 2.2. For proving the first statement, we could alternatively use
the general fact that if Brauer sense induction is defined for a defect zero
 Ž .block, the induced block has defect zero, see e.g. 5, 3E .
Remark 2.3. The statement of Proposition 2.3 is not true for nonprinci-
pal blocks; consider, e.g., G S , p 2, and H of order 3. If the order of3
G is divisible by p then p-regular and Alperin-Burry sense induction may
be defined; for example, take a p-group G and H its trivial subgroup.
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2.4. Induction in p-Groups
If G is a p-group then p-regular induction and induction in the sense of
Alperin-Burry are trivially defined from any subgroup of G. Thus the cases
Ž . Ž . Ž . Ž . Ž . Ž .v , vi , vii , and viii in Example 2.1 cannot occur. The cases iv and ix
Ž . Ž .in Example 2.1 are in fact for p-groups. By Lemma 2.2, ii and iii cannot
Ž . Ž .occur as 5 and 7 are equivalent for p-groups, and Example 2.5 shows
Ž .that i can occur for p-groups.
The following necessary condition for that a block should be of multi-
plicity one holds not only for p-groups. It implies that for p-groups G, the
concepts of block induction in multiplicity one sense and in the sense of
Green are equivalent.
LEMMA 2.2. Let G be a group, HG, and b a block of H that is of
Ž .multiplicity one in RG . Then C H H.HH G
Ž .Proof. For t C H H, it is easy to see that RHtH is isomorphic toG
RH as an H H-module, so the decomposition RG  RHHH
Ý RHsH yields that b is at least of multiplicity 2 in RG .s H GH HH
EXAMPLE 2.5. Let G be a dihedral group of 2-power order at least 8,
² Ž . :and H Z G , h , where h is an involution outside the cyclic subgroup
Ž .of index 2 in G. Then C H H and no character of H can be inducedG
to an irreducible character of G.
Finally we note that for Brauer sense induction in the case of p-groups,
we have the following characterization.
PROPOSITION 2.4. If G is a p-group and HG then the principal block b
Ž .of H can be induced to G in the sense of Brauer if and only if Z G H and
Ž .  G Ž .  Ž .for g Z G , p diides g 
 Z H . If H is normal in G then Z G H is
necessary and sufficient for the existence of bG.
Proof. This follows from the congruence in Proposition 2.2.
Ž  .Remark 2.4. Using the GAP system see 10 , one finds that the
Ž .smallest example for which Z G H holds but where induction is not
defined in the sense of Brauer is a group G of order 64, with centre of
order 2, and H is elementary abelian of order 4.
2.5. Some More Negatie Results
We give two cases when induction is never defined.
Ž Ž ..PROPOSITION 2.5. If H is a p-subgroup of G and Z N H contains aG
nontriial p-element then induction from the principal block of H is not
defined in any sense.
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Ž .Proof. The inertia group of the principal block b of H is just N H .G
  e x tŽG . e x tŽNG ŽH ..So by 17, La. 2.9 , b is defined if and only if b is. Applying
Ž Ž ..Proposition 2.2 to a p-element g 1 in Z N H yields that p-regularG
Ž .  induction from b to N H is not defined. By 4, Thm. 5 , extended blockG
Ž .induction from H to N H is neither defined.G
PROPOSITION 2.6. Let G be the direct product of a group H and a
non-triial p-group K. Then induction from any block of H is not defined in
any sense.
Ž . Ž .Proof. Let b Bl H and  Irr b . As the blocks of the direct
product H K are just the tensor products of the blocks of H and K ,
each irreducible constituent of  G lies in a different block of G. The
p-parts of their degrees coincide with that of  , and the multiplicities are
 Ž .coprime to p. So by 17, Prop. 1.4 4 , induction is not defined in any
sense.
3. INDUCTION FROM CHAIN NORMALIZERS
 In 14 it is proved that for normalizers of chains of p-subgroups, block
induction in the sense of Brauer is always defined. Example 3.1 shows that
it is not necessarily defined in the sense of Alperin-Burry and thus also in
 the sense of Green. The argument in 14 uses induction on the sequence
of normalizers of final subchains, so it is natural to introduce the following
concept.
DEFINITION 3.1. We say that a block b of a subgroup H of G is
stepwise Green in G if there exists a chain of subgroups HH H 1 2
 H G and blocks b of H , for 1 i n, such that b  b andn i i 1
b  bG r ŽH i. for 2 i n.i i	1
LEMMA 3.1. All blocks of normalizers of chains of p-subgroups of a group
G are stepwise Green in G.
Proof. Define the subgroups H , 1 i n	 1, as the normalizers ofi
the final subchains of the p-chain in question, and use an induction
 argument similarly as in 13 .
EXAMPLE 3.1. Let N be the direct product of a Klein four group V and
a cyclic group L of odd prime order l. Let G be an extension of N by an
automorphism of order 2 that extends V and L to dihedral groups of
orders 8 and 2 l, respectively. Thus G is a subdirect product of these
dihedral groups.
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Ž .C V  V L has index 2 in G, so G-conjugation fixes one involutionG
in V and swaps the other two. We choose a non-normal subgroup U of
Ž .order 2 in V and a Sylow 2-subgroup S of G, and get N S  S andG
Ž . Ž .N U  V L. So the chain U S has normalizer S
 V L  V.G
Ž .Since O G  L 1, we are in the situation of Example 2.2. Thus Vp
and G provide an example for that stepwise Green does not imply that
Alperin-Burry sense induction is defined.
Remark 3.1. For a block that is stepwise Green, induction in the sense
of Brauer is defined; note that Brauer sense induction and p-regular
 induction are transitive, see 15, La. 3.4 in Ch. 5 . Example 3.1 shows that
induction in the senses of Green, multiplicity one, and Alperin-Burry is in
general not transitive; it is well-known that the same holds for block
induction in extended sense.
Remark 3.2. The situation is different if we restrict the chains to
so-called radical p-chains, that is, chains P    P of p-subgroups1 n
Ž Ž ..with the property that P O N C for 1 i n, where C is thei p G i i
Ž .chain P    P . For the normalizer N C of such a chain C, induc-1 i G
tion in the sense of Green is always defined. Namely, if D is the defect
Ž . Ž .group of a block b of N C then P D, as P is normal in N C , andG n n G
Ž . Ž . Ž .hence C D  C P N C , so b is admissible. Analogous resultsG G n G
 hold for so-called normal and elementary chains, see e.g. 14 for their
definitions.
Remark 3.3. As for normalizers of radical chains, induction in Green’s
sense is defined, we may replace in Dade’s ordinary conjecture, see 6,
Conj. 6.3 , or in the Knorr-Robinson form of Alperin’s weight conjecture,¨
 see e.g. 14, Thm. 4.6 , the Brauer sense induction by any of the above
induction concepts, except character sense induction, and the formulae
obtained are equivalent to the original ones.
For character sense induction, the analogues of the conjectures men-
tioned above are in general not true, see Example 3.2.
Ž . EXAMPLE 3.2. Take G S , p 2, and define k H, B, d  3 1
Ž .  Ž . G Ž .4  Ž .Irr H d   d,   Irr B , where d  denotes the defect of  .
Conjugacy class representatives of radical p-chains are the trivial chain C1
and the chain C containing a cyclic subgroup U of order 2; the normaliz-2
ers are G and U, respectively. For the principal block B of G, the sums for
k analogous to the ones in Dade’s conjecture or the Knorr-Robinson¨1
Ž . Ž .form of Alperin’s weight conjecture are k G, B, 1 	 k U, B, 1  2	 01 1
Ž . Ž . 2 and k G, B, 0 	 k U, B, 0  0	 0 0. So they are not always1 1
zero.
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4. THE DEFECT GROUP OF THE INDUCED BLOCK
 Ž .In 5, 3C it is proved that whenever for a block b of a subgroup H of
G the induced block bG is defined, each element in the centre of a defect
group D of bG is conjugate in G to an element in the centre of a defect
group  of b. Immediate consequences are that for b of defect zero, also
G Ž .b has defect zero, and since we may choose D such that D holds
that for cyclic D, induction in the sense of Brauer preserves the defect.
 For the case that H is the normalizer of a chain of p-subgroups, in 13
it is shown that b has defect one if and only if bG has defect one, and if
the defect group of bG is abelian then the defects of b and bG are equal.
In general, Brauer sense induction does not have these properties, as
the following example shows.
EXAMPLE 4.1. Let G A , HG of order 2, and p 2. The princi-4
pal block b of H has defect one, it induces in the sense of Brauer the
principal block of G, which is of defect 2; note that its defect group is
abelian.
Now we investigate whether similar results hold for the other types of
induction.
Alperin-Burry sense induction does in general not preserve defects even
if the induced block has cyclic defect group. This happens, e.g., when
inducing from the trivial subgroup of a p-group.
Green sense induction is never defined for defect zero blocks of proper
 Ž . G r ŽG .subgroups. In 5, 7A it is proved that if b is defined for the block b
of H then the centre of the defect group of bG r ŽG . is conjugate in G to a
subgroup of the defect group of b. Hence if the defect group of bG r ŽG . is
abelian then Green sense induction preserves the defect.
With the terminology introduced in 3.1, we can generalize this.
Ž .PROPOSITION 4.1. Let G be a group, HG, and let b Bl H D be
stepwise Green in G. Then there is a defect group Q of bG with Q
HD
Ž . Ž .and Z Q  Z D . Especially if Q is abelian then QD.
 Proof. Use 15, Thm. 5.21 in Ch. 5 stepwise, and transitivity of Brauer
sense induction.
It is easy to see that if Brauer’s height zero conjecture holds for G and
Ž  .its subgroup H this happens, e.g., when G is p-solvable, see 11 and if
the defect group of bChar ŽG . is abelian, for a block b of H, then induction
in character sense preserves the defect.
The last induction concept to study here is multiplicity one sense. First
we prove the following.
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Ž .PROPOSITION 4.2. Let G be a group, HG, b Bl H D , and B
Ž . G Ž Ž . . HBl G with b  B. Let b Bl N D D with b  b and H
Ž Ž . . Ž .Bl DC D D a representatie in the N D -conjugacy class of blocksH H
corresponding to b, according to the extended first main theorem of Brauer.
Ž . Ž .Let KDC D and LDC D .G H
If the multiplicity of  in RK is one then B has a defect group Q withLL
Ž . Ž . Ž .DQ
H and Z Q  C D  Z D DQ. Hence if Q is abelianQ
then Q is conjugate in G to D.
M ultŽK . K ŽK .  Proof. Let        . As in 7, Cor. 5.3 , one gets1
that its defect group is D. Since  is admissible in G, by 15, Thm. 5.21 in1
 Ž .Ch. 5 there is a defect group Q of B with Q
 KD and Z Q 
Ž . Ž .C D  Z D DQ. As D L K , we have DQ
 LQ
H.Q
From this we get the following result for multiplicity one induction.
Ž Ž ..COROLLARY 4.1. Let D be a p-subgroup of G such that D Z N D ,G
Ž . M ultŽG .HG, and b Bl H D with b  B. Then the defect group of B is
conjugate in G to D.
Ž . Ž . Ž . Ž .Proof. Let NN D , LDC D , MN D , KDC D , andH H G G
let  and b as in Proposition 4.2. By the assumption on D, we have
N L and M K. This means that the middle parallelogram shown on
   p. 500 in 7 collapses. As by the results of 7 the multiplicity is preserved
Ž .on the first and the third parallelogram, mult , RK  1 holds, andLL
hence the conditions of Proposition 4.2 are satisfied.
Remark 4.1. From this or from Lemma 2.2, we see that in Example 4.1,
Ž .mult b, RG  1.HH
Ž .Remark 4.2. If b Bl H is admissible then the conditions of Proposi-
Ž . Ž . Ž .tion 4.2 are satisfied, as C D H implies LDC D DC D G G H
Ž .K , and hence mult , RK  1. So Proposition 4.2 is a kind ofLL
 generalization of 15, Thm. 5.21 in Ch. 5 .
5. SOME OTHER PROPERTIES OF INDUCTION
Char ŽG . Ž G r ŽG . M ultŽG . . Ž .If b or b or b , respectively is defined for b Bl H
Char ŽK . Ž G r ŽK .then for each subgroup K of G containing H, b or b or
M ultŽK . .b , respectively is also defined. Induction of blocks in the other
senses do not have this property:
Ž .EXAMPLE 5.1. Let G SL 2, 3 , p 2, H of order 2 and K of order 6.
Then the principal block of H can be induced to G both in the sense of
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ŽAlperin-Burry and in the sense of Brauer hence also p-regular and
.extended sense induction are also defined for it , but by Prop. 2.5, it
cannot be induced in any of these senses to K.
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